UNCLASSIFIED 

AD  _405  ft39 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION.  ALEXANDRIA,  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  govezimieDt  or  other  dravlngs,  speci¬ 
fications  or  other  data  are  used  for  any  puxi)Ose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Ooveznment  thereby  incurs  no  responsibility,  nor  any 
obligation  idiatsoever;  and  the  fact  that  the  Gtovexn- 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  cozroration,  or  conveying  any  rij^ts 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


405839 


RADC-TDR-63-10,  SuppI  1 


Supplement  to  Third  Quarterly  Report 
OPTIMUM  APERTURE  STUDY 


Technical  Documentary  Report  No.  RADC-TDR-63-10,  SuppI  1 

May  1963 


% 


ROME  AIR  DEVELOPMENT  CENTER 


Research  and  Technology  Division 
Air  Force  Systems  Command 
United  States  Air  Force 
Griffiss  Air  Force  Base 
New  York 


Project  No.  4506,  Task  No.  450604 


I 

Dcrasu  V 

TISIA  B 


(Prepared  under  Contract  No.  AF30(602)-2676 
by  D.  Lee,  Electronic  Systems  and  Products 
Division,  Martin  Company,  Baltimore  3,  Md. ) 


Qualified  requestors  may  obtain  copies  of  this  report  from  the  ASTIA 
Document  Service  Center,  Dayton  2,  Ohio.  ASTIA  Services  for  the 
Department  of  Defense  contractors  are  available  through  the  "Field 
of  Interest  Register" on  a  "need-to-know"  certified  by  the  cognizant 
military  agency  of  their  project  or  contract. 


RADC-TDR-63-10,  SuppI  1 


Supplement  to  Third  Quarterly  Report 
OPTIMUM  APERTURE  STUDY 


Technical  Documentary  Report  No.  RADC-TDR-63-10,  SuppI  1 

May  1963 


ROME  AIR  DEVELOPMENT  CENTER 
Research  and  Technology  Division 
Air  Force  Systems  Command 
United  States  Air  Force 
Griffiss  Air  Force  Base 
New  York 


Project  No.  4506,  Task  No.  450604 


(Prepared  under  Contract  No.  AF30(602)-2676 
by  D.  Lee.  Electronic  Systems  and  Products 
Division,  Martin  Company.  Baltimore  3,  Md. ) 


iii 


CONTENTS 

Page 

Abstract . v 

I.  Introduction .  1 

n.  Elliptical  Aperture  with  Nonoptimum 

niumination .  3 

ni.  Graphs .  31 

IV.  Table  of  Comparison .  37 

Appendix .  39 


RM-233-1 
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ABSTRACT 


•  The  object  of  this  contract  is  to  study  the  applicability  of  the  Wiener - 
Spencer  Theorem  to  antennas.  This  theorem  states  that  minimum 
standard  deviation  of  the  far -field  pattern  occurs  when  the  illumination 

•  function  corresponds  to  the  lowest  mode  of  vibration  of  a  membrane 
stretched  across  the  aperture  opening. 

This  report  presents  the  investigation  of  four  selected  nonoptimum 
illuminations  for  the  elliptical  apertures.  Approximations  are  used  to 
obtain  expressions  for  far-field  power  patterns,  and  second  moments 
are  tabulated.  In  addition,  illuminations  and  far-field  power  patterns 
are  plotted. 
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I.  INTRODUCTION 


The  Third  Quarterly  Report  states  that  a  second  group  of  nonoptimum 
illuminations  for  elliptical  apertures  of  the  form 


F  (5.  T,)  = 


(1  + 


a  sm 


t^)  cos 


2,  3.  4 


will  be  investigated.  It  further  staites  that  a  comparison  will  be  made 
between  the  optimum  and  nonoptimum  illuminations.  The  following 
work  has  been  accomplished: 

(1)  The  far-field  power  patterns  of  elliptical  apertures  with 
four  selected  nonoptimum  illuminations  were  derived  throu^ 
approximation. 

(2)  An  IBM  1620  program  was  written  to  tabulate  the  moments. 

(3)  Investigation  was  made  between  optimum  and  nonoptimum 
illuminations  to  the  degree  of  improvement  in  terms  of  the 
second  moments,  the  side  lobes  and  the  beamwidth. 

(4)  Far-field  power  patterns  of  four  selected  nonoptimum  illumi¬ 
nations  were  plotted  along  major  axes. 
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II.  ELLIPTICAL  APERTURE  WITH  NONOPTIMUM  ILLUMINATION 


The  far -field  voltage  power  pattern  of  elliptical  aperture  is  given  by 


G(u,  V)  = 


For  the  optimum  case,  F  is  a  product  of  two  Mathieu  Functions 
[Ce  (q,  I)]  [ce  (q.  q)] 

In  elliptical  coordinates, 

2  2ir  ^0 

G  (u,  V)  =  ^  y  e^  b  5  cos  q  +  V  sinh  5  sin  g? 

0  0 

cos  2q)  F  (c,  q)  dCdq 

where  F  (|,  q)  is  the  illumination  distribution. 

The  zeroth  moment  is  given  by 

2  p® 

Pq  =  V  J  J 

0  0 

and  the  second  moment  is  given  by 
27r  ^0 


0  0 

For  a  nonoptimum  illumination,  let 


1.  q)  =  |(1 


F  (5,  q)  =  j(l  +  a  sin  q)  cos 
The  illumination  satisfies  the  conditions 


li-f 
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F  (I.  Ti)  *  F  (s,  ti  +  2jr) 


F  (5n,  T,)  =  0. 


Thus, 


2it  ^0 


G  (u,  V)  =  ^  ^  ?  cos  r,  +  V  sinh  C  sin  r,] 

0  0 

r  2  jrf  1  ^ 

-  cos  2r\)  j(l  +  a  sin  t})  cos  j|— J  d|dTi 


2jr  ^0 


=  ^  y  y  gih  ['^‘^oshlcos  Ti  +  vsinhC  Sinn]  [(1 

0  0 

+  a  sin^  n)  cos  dCdn 

2  2a^  ^0 

“  ^  J  y  t‘‘^osh  I  cos  n  +  V  sinh  ?  sin  n]  2n  |(1 


0  0 


+  •  2 
+  a  sin 


N 

n)  cos  dCdn- 


The  preceding  integrals  do  not  appear  to  be  solvable  in  closed  form. 
Instead,  we  examine  G  (u,  0). 

2  27r  ^0 

G  (u,  0)  •  ^  J  J  1  cosh  21  [(1 

0  0 

.  .  2  ,  ?r|  1  ^ 

+  a  sin  nJ  cos  dfdn 


2?r  !o 


h^ 

T 


y  j*  gihucoshCcosn  ,o3  2n  [(1 


0  0 


5 


For  the  given  aperture  5q*  0.  277,  0<5^5q 

cos  I  ~  1 
sinh  5  -v-  5« 


Thus. 


2ir  ^0 


0  0 


2  u  P 

G(u.0)  =  Y  J  ^  e^ %osh  25  [(1 


^  •  2  V  jrC 

+  a  sin  Ti)  cos  -ijj^  i 


dCdri 


2ff  ^0 


h" 

T 


^  J  ”  cos  2  [d 

-1” 

oJ 


0  0 


+  a  sin  Ti)  cos 


^rg  , 


d5dTi. 


Recall  that 

00 

gix  cos  0  ,  +  2^  (-)K  (x)  cos  2K  0 

K=1 


(x)  cos  (2K  -  1)  0. 


K=1 


Thus, 


271  ^0 


2  «*«  V  _ 

G  (u,  0)  =  ^  ^  ^  Ijq  (hu)  +  2  ^  (-)^  (hu)  cos  2Kti 

00^  K=1 

+  2i^  (-)^  ■  ^  J2K  -  1  "’I 

fcl 

.€  f 


+  a  sin  Ti)  cos -jjw-  dgdTi 
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h2 

T 


2ir  ^0  r 


C  C  jQ(hu)  +  2y  (-)*^  Jgj^  (hu)  cos  2K  11 
0  0^  K*! 


+  2i  y  (-)*^'  ^  J2K.i(hu)cos(2K-l)  ri  cos  2ti  [(1 
1^=1 
2 

+  a  sin  T))  cos  dCdiv 


For  N=  1, 


2ir  ^0 


0  0 


Gj(u,  J  jQ(hu)  +  2y  (-)*^  J2j^  (hu)  cos  2K  T, 


K=1 


K=1 

.  2  V 

+  a  sin  Tl)  cos 
27r  ^0 


cosh  25q  |(1 


d?dti 


go 

+  21^  (-)^  ’  ^  J2K  -  1  (2K  -  1)  T) 

2  ^TT  U  p  00 

.  C  C  jQ(hu)  +  2.y  (-)^  Jgj^  (hu)  cos  2K  Tl 

0  0  I- 


K=1 


K=1 


00 

+  21^  (-)^  ■  ^  j  (hu)  cos  (2K  -  1)  T| 

] 


cos  2ti  (1 


p 

+  a  sin^  r|)  cos  -sy-  |  d|dr| 
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=  ^(f^o 


\/^0 

(hu)  (1  +  a  sin^  ri)  drij  y  ^  cosh  2S  cos  d? 


.) 


'O  K=1 


(-)^  JgK  (hu)  cos  2K  Ti(l 


.  2 


\ 


+  a  sin  Tj)  dTi)  (  \  cosh  25  cos 


/  00 

'0  K=1 

•)(s 


‘^2K-1  (2K-1)  rid 


+  a  sin^  Ti)  dt]]  (  \  cosh  25  cos  ^- 


^  d5] 

0  / 


T 


Jq  (hu)  cos  2  T|  j(l  +  a  sin^  T|)j  dr^ 


n  /  2jr  00 

'■ 

'O  K=1 


cos^  d5j 


)^  Jgj^  (hu)  cos  2K  Ti  cos  2ti  (1 


+  a  sin^TidTjl^^  cos  ^  «) 


h‘ 

T 


<■ 

'O  K=1 


)*^-'j 


2K-1 


(hu)  cos  (2K  -  1)  TI  cos  2  T)  (1 
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+  a  sin^  T))  dti^  cos  iq  «)• 


Here, 


cosh  2?  cos 


Jq  (hu)  (1  +  a  sin^  t])  dri 


_  Kq  t  cosh  2S„ 


16?o  +» 


ATT  flo 

^  2  y  (hu)  cos  2K  T]  (1  +  a  sin^  il)  dri  =  a  jr  Jg  (hu) 


0  K=1 


2v  m 


^21^  (-)^  '  ^  J2J^  _  J  (hu)  cos  (2K  -  1)  T1  (1  +  a  sin^  11)  dn  “  0 


0  K=1 


67r 

y  Jq  (hu)  cos  2  Ti  [(1  +  a  sin^  il)]  dii  =  -  ^  tt  Jq  (hu) 


^TT  00 

y  2  (-)^  Jgpr  (hu)  cos  2K  Ti  cos  2r\  [(1  +  a  sin^  t))]  dii 


0  K=1 


=  -  27r  (1  +  11)  Jo  (hu)  -  n  J.  (hu) 
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27r  ee 

^  21  y  ^  (hu)  cos  (2K  -  1)  Ti  cos  2  n  |(1 


0  K»1 

+  a  sin^  Ti)]  dll  *  0. 


Therefore. 
G 


Jq  (hu) 


2 

H  \  air  cosh  25^)  1 


For  N=  2, 


2jr  ^0 


^TT  u  r 

Gg  (u,  0)  »  ^  j  ^  Jq  (hu)  +  2  y  (-)^  (hu)  cos  2K  ti 
0  0*-  K*1 


21  y  (-)^  ‘  ^  JgK  -  1  ®o®  <2K  -  1)  t,  .  cosh  25  (1 

K=1  -I  ^ 


+  a  sln^  Ti)  cos  j  dCdri 


] 


h2 

T 


2jr  ^0 


V  r-  00 

^  ^  Jq  ^  T  ^2K  ^ 

0  0  L  K=1 


00 

+  21^  (-)*^  "  ^  Jgj^  _  j  (hu)  cos  (2K  -  1)  ti 


K-1 


.  cos  2  T] 


[<• 
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T 


/2jr  » 
'o  K»1 


2K-  1 


(hu)  cos  (2K  -  1)  Ti  cos  2  T]  [(1 


Here, 


LI 


cosh  2?  cos  d?  * 


2  JT?  sinh25o 


0  4  (4  +  n^) 


2 

\  Jq  (hu)  (1  +  a  sin^  t^)  d^i  =>  2jr  ^  +  a  +  ^ 


2ir  „ 

y  2  ^  i-)^  (hu)  cos  2K  Ti  (1  +  a  sin^  tj)^  dn  =  2^  a  (l 

0  K=1 


+  J2  ^  t  (hu) 

y  ^  ^  ^2K  -  1  -  1)  T|  (1  +  a  sin^  t))^  dti  »  0 


0  K=1 

5, 


cos 


2  ttI 


2w 

I 


Jn  (hu)  cos  2ti  (1  +  a  sin^  vi)  dr]  = 


a  (1  +  1)  jr  Jq  (hu) 
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2v  « 

0  K=1 


K  2  * 

(-)  J2j^  (hu)  cos  2K  T)  cos  2  t)  (1  +  a  sin  ii)  dt) 


=  -  (2  +  2a  +  I  a^)  jT  Jg  (hu)  -  a  (l  +  ^)  jr  (hu)  -  ^ 


(hu) 


2ir 

0  K=1 


67r  00 

^21^  (-)^  ^  _  j  (hu)  cos  (2K  -  1)  n  cos  2  ti  (1 


2  2 

+  a  sin  Vf)  dt)  =  0. 


Therefore, 


Gg  (u,  0)  =  jr 


k  *  .  X  3  .  2^  ^  *0  /, 


l)|  "0 <»“> "  1“  (1 "!) , ,  -5)  "T  0 


7  TT^  sinh  2 


^(-I)| 


?na' 


J4  (hu)  +  Jg  (hu) 


']■ 


For  N  =  3. 


G3  (u,  0)  = 


2ir  ^0  r 

I  y  to 

0  0  L 


(hu)  ■*■  2  ^  (-)^  J2K  ’I 


+  2i  ^  (-)^"^  J2j^.j  (hu)  cos  (2K-1)  tij.  cosh  2?  [(1 
K-1  -* 


1  3 

+  a  sin^  Ti)  cos  d|  dii 
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T 


2jr  ^0  r  « 

y  ^  Jq  (hu)  2  ^  (-)*^  Jgj^  (hu)  cos  2K  ti 
0  0*-  K^l 


00  Hr 

2i  ^  (-)^  ^  ^2K-1  (2K  -  1)  Ti  •  cos  211  Ml 


K-1 


2  5r  F  T  ^ 

+  a  sin  ii)  cos 

=  ^  Jq  (hu)(l  +  a  sin^  ii)^  di^  cosh  25  cos^^^^ 


v,2 

"V 


0  K=1 


(-)^  J2j^  (hu)  cos  2K  ri  (1 


+  a  sin^  il)^  dll 


')  ((  cosh  25  cos^  ^  d5^ 

2  I  * 

^  \J  Z  (-)^‘^  •^2K-1  (2K-1)  Ti(l 

'o  i^i 

')  ft  cosh  25  cos^  d5^ 


+  a  sin^  T])^  drj 


-  Jq  (hu)  cos  2ti  (1  +  a  sin^  Vf)^  dii^  cos^  ^  d5^ 


0 

2jr 


(( ■  i  ■• 

^  K=1 


K 


+  a  sin^  Ti)^  dT] 


j  (hu)  cos  2K  ti  cos  2  T|  (1 

lo 


')  ft„  ^  “') 
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“  ^  J  JgK.l  (hu)  cos  (2K-1) 

'0  K^l 


ti  cos  2  ti  (1 


+  a  sin^  Ti)^  dTi 


’)  (^0  ^ 


Here, 


U 

^  cosh  25  cos^  ^  d5  =  I  5o  JT  cosh  2  5( 


16  5q^  +  9  JT^] 

2it 

^  Jq  (hu)  (1  +  a  sin^  dti  = 


[165^^+  ir'^ 


4.  3  „  .  9  „2  .  5  ^3 

^1+^a+^a  +y^a 


)  27r  Jq  (hu) 


^TT  m 

y  ^  ^  ^2K  2K  Ti  (1  +  a  sin^  r])^  dn  * 


0  K»1 


/3  „  .  3  „2  ,  15  „3\  „  T  /u  \  X  3  2 

3^^  )  2’r  Jg  (hu)  +  ^  a 


+  ■^  a^  jT  Jg  (hu) 


^1  +  TT  (hu) 


ATT  « 

y  ^  (")^  ^  '^2K  -  1  (2K  -  1)  T]  (1  +  a  sin^  t])^  dri  =  0 


0  K=1 
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I 


0  4| 

3  ’•i.  dC  =  -t-2- 

air 


COB-  jj^dl 


2k 

Jq  (hu)  cos  2  n  (1  +  a  sin^  ti)^  dti  =  "  (| »  +  |  ^  a^)  k  Jq  (hu) 


0 

2k 


y  ^  ^  2t|  (1  +  a  sin^  ti)^  dt)  = 


0  K=1 


-  (2  +  3a  +  |1  a^  +  ^  a^)  ;r  Jg  (hu)  "  a(|  +  |  a  +  |  a^)  t  (hu) 

"  t  *^6  •  -gr  ^8 


2^r  00 

j  ^  ^  J„r,  ,  (hu)  COS  (2K  -  1) 

0  K=1 


n  cos  2t|  (1  +  a  sin^  h)^  dt)  =  0. 


Therefore, 


S^u.  0)  =  h2  ?Q  J  ogr 
r=0 


where 


3  2 

®0  ~  "S  ^  cosh  2f 


°  [16  ?Q^  +  K^  16  5q^  +  ]  0 


+  +  ^  a‘‘+4  a3)  +  |a(|-  +  3a  +  || 


^  a  +  9  -2 
2  ^  ^  ? 
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On  ~  ^  cosh  24/\  I ■■  n  H  ~  '  n  ■  I  m 

^  ^  °  16  5Q^  +  9jr^J  V‘ 

,  15  ^3\  .  2  .  21  2  .  13 

"^^^j^ir  +  3a  +  -g-a  +^ay 


3  o  +  3  o2 
■J®  ^ 


0-4  =  ^  cosh  24o  f-  j  ,  "v 

Lib  5q  +  JT 

+  2  ,/3  ,  3  ^  .  1  2\ 


"6  ^  ^  .  2  ,  i 

_lb  s  Q  +  JT 


717^] 


+  -f 


(-l) 


-  1  =.3 

"8  "  4^  ^  • 


For  N  =  4, 


2w  ^0 


2  ^TT  U  p  «P 

(u,  0)  =  ^  y  y  Jo(hu)+  2  ^  (-)^  J2k  (hu)  cos  2Kti 

0  0  L  K=1 

+  2i  ^  (-)^  ~  ^  _  j  (hu)  cos  (2K  -  1)  ti  •  cosh  25  (1 

K=1  ■*  *- 

+  a  sin^  T])  cos  dii 


df  dTi 
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T 


2ir  ^0 


u  r  M 

J  J  jQ(hu)+2  y  (-)*^  J2j^(hu)  cos  2Kti 
0  0*-  1^1 

+  2i^  (-)^  ^  (hu)  cos  (2K  -  1)  T)|  cos  211  1(1 


+  a  sin^  Tj)  cos 


d€  dri 


Jq  (hu)  (1  +  a  sin^  ii)**  di^  cosh  25  cos^  ^  d?^ 


0 

2jr 


A  /  «7r  « 

’  s 

'0  K=1 


J2j^  (hu)  cos  2K  Ti  (1 


2  4 

+  a  sin  ti)  dn 


cosh  25 Q  COB^  l^r-  d5 


^  T 


) 

V 

W  (-)^‘^  J2K_l(hu)cos(2K-l)  ii(l 

'  0  i^i 


2  \4 
+asin  r\)  d 


)  (r 


cosh  25  cos 


^ «) 


h^ 

"S' 


h^ 

T 


Jg  (hu)  COS  2ti  (1  +  a  sin^  t))^  dii^  ^  ^  cos^  -^1-  d5^ 


0 

•2w 


{f-h- 

0  K=1 


)  J2j^  (hu)  cos  2Kt)  cos  2ti  (1 


.  2  ,4j 
+asin  Ti)  dr] 


)(j  «) 
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(-)  j  (hu)  cos  (2K  -  1)  Ti  cos  2r]  (1 


0  K=1 


2  4 

+  a  sin  T|)  dn 


)(! 


cos^  ^  dcj 


Here, 


W  t 

^  cosh  2?  cos  d§  =  /  jg 


p  2  »  2 

^0  ^  ^0 


4|Q^  +  Tr^  16(5Q^+ir" 


Isinh  25, 


J  Jq (hu) (1 + 


a  sin^  Ti)^  dll  =  25r  (l  +  2a  +  ^  ^  a^  +  a^j  Jq  (hu) 


Stt  w  ^  y 

y  2  ^  (-)  J2j^  (hu)  cos  2K  T)  (1  +  a  sin^  t))'^  dr|  =  27r  ^2a 
0  K=1 

+  3a2  +i|  a3  +  ^  a^)  J2  (hu)  +  2 tt  (|  a^  +  |  a^  +  ^  a^)  J4  (hu) 
+  2  TT  a^  +  ^  a^)  Jg  (hu)  +  2  tt  a'^  Jg  (hu) 


I  Jg  (hu)  +  2  7r  yIj  a'^  Jg  (hu) 


ATT  00 

y  ^  ^  *^2K  -  1  (2K  -1)  Ti  (1  +  a  sin^  ■n)'*  dii  =  0 


0  K=1 


,4  w? 
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4 

y  Jq  (hu)  cos  2ii  (1  +  a  sin^  n)  dri  »  -  /2a  +  3a^  X  ^ 

°  \  ' 

‘)  '•’0 


(hu) 


^  2  ^  (-)^  (hu)  cos  2K  T)  cos  211  (1  +  a  sin^  t])  dri  =  -  ^2 

0  K=1  ' 

■*■  4a  +  -^  a^  +  +  II  n  (hu)  -  ^2a  +  3a^  +  2a^ 

+  4  "^4  "  (f  f  ^  •^6 

■  ^  ll  ^  •^8  ■  rk  •’^10 

2jr  rn 

^21^  (-)^  ’  ^  Jgi^  _  J  (hu)  cos  (2K  -  1)  T)  cos  2ti  (1 


2 

+  a  sin  T])  dTj  =  0. 


Therefore, 


O 

(u,  0)  =  h^  ,r  ^  ^2r'^2r^^''> 


where 


r=0 


9  „2  ^  5  „3  35  _4W  3 


0.  =  l  +  2a+f  a^'  +  ia'^+T^  a 


m  ^  /m 


')0 


,1  e  2  ,  2 

4?o 


16  (C, 


■7^)  16  ^0  (' 


2a  +  3a^  +  ^  a^  +  41  a 
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;  ^  \ 

:°2.  2j  ll  ^0  (2  +  4a  +  ^  a^ 


13  _3 


I  *  w  «  _i_ 

■"T  *  "'5? 


Il^‘) 


\  4?.  +  7T 


16  (5o^  + 


sinh  2?, 


+  ^  Iq  (2^  2a2  +  2a2  +  ^  a4) 


i2  +  2a2  +  ^  a4j 


(1  4  “)  (k  -  ,/j  ,  ,2,) 

+  3  c  ^3  ^2  .  3  „3  .  29  ^4^ 

«8 -ik (4  -  7^^ " 

^0  "^i^) 


ft  -  3  p  „4 

^10  255F  ^0  ' 
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For  the  zeroth  moment  in  elliptical  coordinates. 


2ir  ^0 


0  0 


2  2jr  ^0  —  —  2j^ 

=  ^  y  (cosh  2C  -  cos  211)  |(1  +  a  sin^  t|)  cos  d^dti 


0  0 


2jr  ^0 


Q  A/1  U  p 

=  ^  J  ^  cosh2€  ( 


0  0 


2jr  ^0 


2  TT  f 

cosh  2f  1(1  +  a  sin  t))  cos  -rt^ 


2N 


iy  ^  y  cos  2ti  j(l  +  a  sin^  t))  cos 


2N 


d?dTi 


dfdT). 


0  0 


For  N=  1, 


-»'  /'f 

“o,i--r  (J 


2 

(1  +  a  sin  Ti)  dT) 


HI 


cosh  25  cos^  ■^-  dy 


y.2  /n^  2  2 

-g-  I  \  cos  2ti  (1  +  a  sin  t])  dri 


)( 


2  TT? 


d|  . 


Here, 


2  /  \ 
y  (1  +  a  sin^  r|)  dTj  =  2jr  ^1  +  a  +  -g-  a^j 


0 

^0 


2  wi  ^^0 

cosh  2|  cos  -xj^  df  =  - 5 - H- 

2^0  4(4?Q^  +  ff^) 


RM-233-1 


22 


2  /  \ 

y  cos  2t)  (1  +  a  sin^  tj)  dt)  *  -  a  ^1  + 


w:  “  i  ^0  • 


Therefore, 


For  N=  2. 


“0,2-T 


2 

( 1  +  a  sin  ii) 


’  “’’)  (I 


cosh  2?  cos 


2  ^0 
cos  2ti(1  +  a  sin^  ti)  cos^ 


Here, 


(1  +  a  sin' 


dti  = 


W  9o  +  9  .2  ,  5  ^3  ,  35  ^4'\ 

l  +  2a+^a  +^a  +  a  J  2w 


cosh  2§  cos 


;r  *  16  ly  *  ,4 


cos  2'n  (1  +  a  sin  ti)  dii  = 
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^0 

y  “I  ^0- 

0  ^ 

Therefore, 


[(* 


1(1  +  2a +T  a^ +  4  a^ +  ^®  «4U  3 


% 


4  €o‘  -H  16  (€o 


T  “  "T  ^  ^  J\T^ 

2 

\ 

sinh  2  5, 


+  Jr^)} 


^ _  J. 

2^2 

•10  \5 

(^a  +  3a2  +  H  ^^)]  ’ 


+  l|  ?0  |2a  +  3a2  + 


(2) 


For  N=  3, 


/  2jr 

(s 


^0.3  “  T  I  J  (1  +  a  sin  h) 


)(}• 


cosh  2|  cos 


6  ;r5 


^  dc) 
0  ' 


h^ 

T 


/  2jr 

(S' 


.  2 


cos  211(1  +  a  sin  t])  dr| 


<)(s 


)■ 


Here, 


27r  6  / 

y  (1  +  a  sin^  T))  dti  =  2ff  ^1  +  3a  +  ^  a^  +  -^  a^  +  a^ 
0 


189  _5  ^  231 


•  A  w  V 


a  + 


TsrsT 


') 


w 

^  cosh  25  cos^ 


d5 


( 


5  15  gp^  3go^ 

^  16  (4go=^  +  ,r2)  ^  32(gp=^  +  ir2) 


16  (g 


\ 

7^/ 


sinh  2g, 
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^  cos  2tj  ( 1  +  a  sin^  tj)  dt)  »  -  jra  ^3  +  a  +  ^  a^ 
0 

.if 

^0 

^  “  tI  ^0  • 


Therefore, 


“0.3  •5''^’  [(' 

1(f- 


ix^«j-45  2  .25  „3  ,525  „4  ,  189  ^5 
l  +  3a+-g-  a  +-^  a  +  a  +  a 


X  231  ^6) 

*Tm  ^ 


2(4Co^  +  7r^)  4  +  )r^) 


^0 

1  sinh  25j 

2(4fo^ 

+  9  TT^: 

105  ^3 

,  315 

o4x  99  a 

IT  ^ 

’0  ® 


S- 


(3) 


For  N  =  4, 


_  h‘ 

'^0,4  ■  T 


/27r 

(J 


8 


( i  +  a  sin  r])  dt) 


.)( 


cosh  25  cos®  5^  dC 
^^0  J 


^(f 

'0 


8 


cos  2t|(1  +  a  sin  y])  dii 


\ 

')( 


8  JT?  O- 

cos  d? 


)■ 
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Here, 


(1  ^  a  sin^  Ti)  dll  =  2jr 


(l+4a+4 


21  „2  ,  35  „3  ^  1225 
T  ^  ■^T  ^  ^ 


^441  _5^1617  .6^  429  _7  ^  6335  _8» 

^  ^  ^  ^  Trm^) 


y  cosh2€cos8^  d|=(^ 


32(4  5o  +Jr‘‘)  64(?Q^  +  jr^) 


8(4|Q^+95r^)  256  (?q'‘+4 


tt) 


sinh  2C, 


8  / 

^  cos  2ti  (1  +  a  sin^  r))  dii  »  -  7ra  ^  U  +  12a 
0 

.41  ,3  .  407  ,4  ,  143  5  .  715  ^6\ 

^-W  ^  ^TT  ^  ^Tm  ^  ) 


+  81  ,2 
+  -_  a 


r  nr  -  35  - 

J  ^  ‘^^-TSF^O* 


Therefore, 


-  1  v,2  h  +40  +  21  2  .  35  ^3  ,1225  ^4  .  441  ^5 

^0,4"!^  ll  +  4a  +  -5-a  + -^  a  + -^  a  + -^  a 


1617  _6  ^  429  _7  ^  6335  _8 


3\  /35  _  *^^0 _  .  *^^0 

'  8(4  5„^  +  TT^)  16  +  A 


2(4^Q^  +  wn  64(5 
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4  +  12a  +  ^  ^ 


■ 

.715  ^6\ 

Tm  ^  )\  • 


(4) 


For  the  second  moment  in  elliptical  coordinates, 
2ir 


(if  ^(1)1 


0  0 


2ir  ^0 

=y  j 

0  0 

In  ^0 


V*!  sln^  jf  |  djd, 

41  ^  -2^0 


d 


0  0 


,  2(N-1)  „ 

a^  (1  +  a  sin^  ti)  sin^  2r\  cos 


2N  ttC 

w: 


s 

» 

0. 


d^dri* 


For  N=  1, 


‘2.1 


-  -JL 


4? 


/  2ir 

(S 


0  '  0 


(1  +  a  sin^  Ti)  dri)  (  ^  sin^  -0- 


\ 

')( 


“) 


+  a^  sin^  2r\  di^  cos^  -^r-  df 


.)■ 


Here, 


2’'’  2  \ 
y  (1  +  a  sin^  Ti)  dri  =  27r  ^  +  a  +  •g-  a^) 


0 

5o 

I 


=  -j  So  ' 
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sin  2'n  dri  =  jr 


Therefore, 


‘'2,1  "TTT" 


14. -.3  „2^4.jr  ^2- 
l  +  a  +  ^a;+^a  5q. 


For  N  =  2, 


“2,2  =  f4(f 

^0  '  0 


{ 1  +  a  sin  T|)  dT) 


')  (l  I  «) 


+  4a^(C  (1  +  a  sin^  i])  sin^  2r\  dT|j  (  C  cos*^ 


Here, 


^  (1+a  sin^  Ti)^  dTi  =  27r  ^1  +  2a  +  -^ 


^2  ,  5  ,3  ,  35  4^ 

^  ^4  ^  ^128  ^  y 


u 

S  i 


it  «-5«o 


2 

^  (1  +  a  sin^  T])  sin^  2r\  di)  =  tt  ^1  +  a  + 
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S  “I  ^0- 

0  ^ 


Therefore, 


2,  2 


41, 


(■ 


1  +  9=  +  9  =2  ,  5  ^3  .  35  _4 
l  +  2a+^a  +^a  +3^- 


1  +  a 


+ 


5 

16 


(6) 


For  N  =  3, 


/  2ir 

(! 


(1  +  a  sin  r\)  dri 


,)  cos^ 


Rin2  ’rC 


2  2 
( 1  +  a  sin  Ti)  sin  2r\  dt) 


')(S 


cos®  d5 


)■ 


Here, 


2v 


^  (1  +  a  sin^  T])  dTi  =  2;r  (1  +  3a  +  ^  a^  +  -^  a®  +  HI  a'^ 


,  189  ^5  .  231  6\ 


I  ^  ^  “  W  ^0 


2®’  4 

^  ( 1  +  a  sin^  Ti)  sin^  211  dr)  =  tt  ^1  +  2a  +  a^  +  |  a^  +  H  a^^ 
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\J 


6  ir?  .,.  5  . 

it  ^0 


Therefore, 


9ir^ 


32  ?Q^ 


(■ 


1  4-  +  45  ,2  ,  25  ,3  .  525  ^4  .  189  ^5 

l  +  3a  +  -g-a  +^a  +  a 


.  231  ,6\  .  45  . 


1  +  2a  +  i|-  a^  +  ^  a^  +  ^ 


Hr  a^V 

3^  / 


For  N  =  4, 

*^2.4 


(7) 


-i^  (1  +  a  sin^  11)  dri^  J  cos®  ^  sin^  ^  d?^ 


(i 


2ir 

1 

( 

0 


+  16a^  {{  (1  +  a  sin^  h)®  sin^  2r?  dri 


Hi 


cos®  df 


) 


Here, 


2jr  . 

r  /I  u.  •  2  ,8  ,  o  /i  ^  ^  21  2  ^  35  „3  ^  1225  4 

\  (1  +  a  sin  Ti)  dt]  =  2;r  1 1  +  4a  +  -g-  a  +  -g-  a  +  a 

0 


+ 


441 

32 


1617 


a''  + 


429 

Tm 


a'-f 


6335 
32, 768 


y  ^  ii~ 


TS5  ^0 
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(1  +  a  sin^  Ti)®  sin^  2t)  dt) 


+ 


99  „5  429 
TSS'  4^56 


^0 

(*  ---8  ffg  -  _  55  p 

J  ~S^  ~  ^0* 


Therefore, 


2.4 


5 


(> 


1  +  4a  + 


21 

S’ 


a2  + 


35 

T- 


1225  .4  ^  441  .5 


~Tr 


a 


-JT 


^  1617  _6,429  „7  .  6335  „8\  ^  ^  _  „2 ^  ^  75  _2 

+  ^  J  +  JLJ  +  A  (8) 
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III.  GRAPHS 


Figures  1  through  5  are  plots  of  illuminations  and  far -field  power 
patterns.  All  illuminations  are  plotted  with  peak  amplitude  equal  to 
unity.  For  all  far-field  powers,  the  logarithm  of  the  power  is  plotted 
with  the  center  of  the  main  lobe  normalized  to  zero  decibels. 


FIGURES: 


Fig.  1 


Fig.  2  = 


Fig.  3  = 


Fig.  4 


Fig.  5 


j(l  +  a  sin^  rj)  cos  j  Illumination  of  Elliptical 
Aperture  Along  Major  Axis.  N  =  1,  2,  3,  4 


Far -Field  Power  for  j(l  +  a  sin^  q)  cos  Elliptical 

Illumination  Major  Axis 


Far-Field  Power  for  [(1  +  a  sin^  q)  cos  Elliptical 

Illumination  Along  Major  Axis. 

Far-Field  Power  for  [(1  +  a  sin^  rj)  cos  Elliptical 

Illumination  Along  Major  Axis. 

4 

Far-Field  Power  for  |(1  +  a  sin^  q)  cos  Elliptical 

Illumination  Along  Major  Axis. 
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Par-Field  Power  for  ^ (1  «  a  sin^  n)  cos 
Along  Major  Axis 


Elliptical  llluaination 
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IV.  TABLE  OF  COMPARISON 


Type 

lUumlnatlon 

Function 

Beamwldth 

Sldelobe 

Moment 

Circular 

Optimum 

2.2 

-28.4 

5.  794 

Circular 

Uniform 

A  constant 

1.6 

-16.8 

Circular 

Nonoptimum 

=»■  (v) 

2.1 

-25.6 

5.  83 

Circular 

Nonoptimum 

(5f) 

2.3 

-34 

7.  17 

Circular 

Nonoptimum 

»•’(¥•) 

2.6 

-41 

9.41 

Elliptical 

Optimum 

Ce^d-  q)  cep(t),  q) 

0. 11 

-36 

0.  0718 

EUlptlcal 

Uniform 

A  constant 

0.075 

-17.5 

e» 

EUlptlcal 

Nonoptimum 

(1  +  a  sln^  q)  cos  iffi- 

0.  08 

-24 

0.  0745 

Elliptical 

Nonoptimum 

j(l  +  a  sln^q)  cos 

2 

0.  095 

-30 

0.  0962 

Elliptical 

Nonoptimum 

j(l  +  a  sin^  q)  cos  j 

|3 

0. 115 

-36.  25 

0.  1455 

EUlptlcal 

Nonoptimum 

j<l  +  a  sin^  q)  COE  j 

|4 

0.  135 

-41 

0.  2583 

Square 

Optimum 

cos  If  cos  ^ 

2.0 

-22.8 

4.  9868 
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APPENDIX  A 
COMPUTER  PROGRAMS 


RM-233-1 


This  program  is  designed  to  compute  moments 
of  the  four  selected  nonoptimum  illuminations  for 
elliptical  antennas. 


^1  +  a  sin^  Ti)  cos  ;  N  »  1,  2.  3.  4^ 


The  value  of  a  is  chosen  to  be  99. 


The  program  calculates  Eqs  (1)  through  (8)  and  the 
moments  are  obtained  by 

(5)  (6)  (7)  (8) 

“  »  >  respectively. 

(1)  <2)  (3)  (4) 
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TAW.E  OF  MOMENTS/) 


rtIHTE 
2  FOKMATMSH 

AH>23.I  -  - - - 

PI-3.l4tS9 

$1-0.277  _ 

A-99.0 

2-(AM**2)*PI*A*SI*(I.+.5*A)/A.  _ 

S-( . IA57*P I **i) /( A. *S I **2+P I **2) 

T-iAH**2)*Pl*(U+A*(X.ifl*37S*Ali _ _ _ 

ZUOt-m-Ht 

PNIMT  22,ZU0I  .  _ 

22F0IWAT(tlH  MU(0,  l)-EI5.8) 

ZU2I-{PI**3/(*.*SUJ*( U+AHI.+  0.375*A))  Tl  .5708*(A**2)*SI 
PAINT  21.ZU2i 

21  FORMATdlH  MU(2,  U-OSJ) _ _ 

V-ZU2t/ZU0l 
PAINT  t.V 
I  FQAMAT(9H 
P-H**2 
Q«SI**2 


M0MENT-EI5.8///) 


PA-(  I.+A«(2.4A*(2.2S+A*(1^2S*i35.»AUm4X» _ 

PS  I -S I  *7 .375-S I  *  .5828*(  t . /(5.^P)  -  .0M5/(P+Q) ) ) 

PIA-A*(2.+A*(3.+A*(  l.875«A*0.A37Sm _ _ _ 

PAKI*0.t87S*PtA 

YU02-AH**2*(PI)*(PA*PSI-t-PA1)  _  _ 

PAINT  3t,YU02 

09188  31  FOAMATCIIH  MU(0.2)-E15.8) _ 

09218  AA-1 .S*P I *S I *( 1 .*k*{ 1 .+0 .3 1 25*A) ) •( A**2) 

09398  A1A-(0.2$*(PI**3)/SI)*PA'HU  _ _ _ _ 

09882  PAINT  32,AtA 

508  32  FOAMATCIIH  NU(2,2}-EI5.8)  .  -  ... 

5S8  »HtlA/YU02 

PtlUT  f  W 

^8  H.(2.5-;58^n.*(7.5AJ^p-^^^^ 

PAINT  A2,U03 

AZFOAMATMIH  MU(0,3)-E15.8) 

E1-(0.28125*(PI**J)/SI)*E 
F-<  I  .JA*(2.^A*{  1,875+A*(  .875+0.85825*Ami_. 

F 1-2 .8 125*P I *S I *( A**2) *F 
U23-E1tF1 
PAINT  Al,U23 

81  FOAMATdiH  „1AIU»3I-1JS.8) _ 

0-U23/U03 

PAINT  1,0  __  _  _ 

C-10.5 

0-17.5  _ _ _ 

E-19.180825 

F-13.78125  _ 

C-12.83 28125 
H-3 .35 15625 
P-8335./32788, 


)jr 


SA-d.»A*(8.*A*(C*A*(IHA*(  E»A*(  F<A*(6->A*(IH-**P)  ))))))) 

5 1 - 7  .0/(8,*$  I  **2+P  I  **2»a. 

52- 0J7S/{5l^3*PI**2) 


S3-1.00/(8.*SI**2+9.*PI»*2) 

S8-1./(32.*(SI**2+8^*fl**i)J  _ 

cj». 

0-12.  .  _ _  _ 

E-20.25 
F-20.5  . 

g?8a§;^  _ 

UO8-. 25*{ AM**2) *P I *S I •( SA*EXTAA+TA) 

PAINT  51,U08 

51  FOAMATdiH  MU(0.8)-E15.8) 

C-1. 

0-3.  _ _  _ 

C-7S./t28. 


- 

AA-55.*S l*P l*( A**2) *(€<**( Ort*( E+A*( F+A*(G+A*(H+P*A) ) ) ) )) 

52  FO^JdlH  NU(2,8)-CfS.B) - 


T-TT/008 
PAINT  1,T 
ENO 
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Program  2.  This  program  is  divided  into  two  parts.  Part  I 

is  a  program  to  compute  far -field  powers  of 

Gj  (u.  o)  [page  9]  and  G2  (u,  o)  [page  12j 

The  increment  of  u  is  approximately  0.  01. 

Part  II.  a  similar  program,  computes 

Gg  (u,  o)  [page  is]  and  G^  (u,  o)  [page  "oj 

The  value  of  a  is  chosen  to  be  99. 
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P»rt  I 

3  format(i8h  voltage-power  I/) 

4  ^'0«MAT08H — VOLTAGE-POWER  l/X——-  -  . 

5  FORMAT(FIO.A) 

7  F0RMAT(I2H  Gt(0,.D)-E1S.8) 

8  FORMATE  I6H  LOG  G1(0,0)-EI5.8) 

10  FORHATEAH  FIO.G) 

11  FORMATE 3H  ///) 

12  FORMATE lOH  GEU,0)-E15.8) 

17  FORMATE I2H  G2E0,0).EI5.8) 

IS  FORMATE  I6h  LOG  G2E0,0)«Et5.8) 

OIMEMSION  Y0E60),YIE60) ,T2E60) ,YTE60)  ,Y4E60) ,Y5E60) , Y6(60) 
00  6  t>l,60 

6  READ  G,  YOED 
00  70  J«l,60 

70  READ  G,  YIEJ) 

PRIMT  3 
A-9G. 

PI-22. /7. 

SI-0,277 

B.PI*E  l.+SI  -^l/E  IG.-'SI  •••2+PI  *2) 

AO-A9.G+IOI.O-h--B 

A2-I01.Ot-A-PI~B 


PRINT  7, AO 
IF(AO)  37,58,38 

37  AO— AO 

38  C-LOGFEAO) 

PRINT  8,C  ..  _  _  . 

1-0 

AX-O.O 
100  l-l+t 

AX-AX'f,2S 

Y2(l)-E2./AX)*YIEl>-YOEl) 

Y3El)-EA./AX)-Y2El)-YIEl) 

YAEI)-E6./AX)'^Y3E|)-Y2EI) 

POWER-AO-YOE I )+A2*Y2E  I  )+A4*Y4E  I ) 

IF(POWER)  57,58,58 

57  POWER— POWER 

58  P-LOGF( POWER) 

POWER-8. 6858-EP-C) 

PRINT  10, POWER 

I  F( I -60) 100, 108, 108 
108  PRINT  II 
PRINT  4 
P-PI*-'2 
Q-SI*-'‘2 

B-0.5*P/E4.-Q+P) 

A0-(  I .+A*(  I .+.375*A) )*B+.25  'A*E  I  .+  .5-A) 
PRINT  I 7, AO 
IFEAO)  97,98,98 
97  AO— AO 
96  T-LOGFEAO) 

PRINT  18. T 

A2.EI.+.5*A)"A>-B+.25*E2.+A*E2.+7.*A/8.)) 
A4- . 1 25*A*E  A*B+2 . *E I .+ . 5>A) ) 

A6-EA**2)/32. 

1^ 

AX-0.0 
200  l-l+l 

- AX-4X+.25  _  ... 

Y2El)-E2./AX)’'YIEl)-YOEl) 

Y5EI)-  8./AX)  Y4(I)-Y3{!) 


POW^^O*Y^f?l+AiUiE  n+Ai*Y4E  I  )+A6*y6E  I 
IFEPOWER)  87,88,88 


87  POWER— POWER 

88  P-LOGFEPOWER) 
P0WER-8.8658*EP-T) 
PRINT  10. POWER 

I FE 1-60)200.208,208 
208  PAUSE 
ENO 
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•;  FORMAK  18H.  -_VSUAGE-P5WEft  3/) _ 

6  F2RHAT(  18H  VCLTAGE-P8WER  k/) 

13  FORMATlnii - ULU0,0)-tt5^ - 


13  FORMATCnii - ULU0,0)-tt5^ _ _  _ _ 

13  F2RHAT()9H  FtO.3/) 

t6  FORMAT?  im  C4C0,0)i£IS.a)- . . . 

17  F0RMAT(F10,4) 

0 1  MENS  I  ON  vaj  60) . Y 1 ( 60 ) , y 2( 60) , Y  3( 60) , Y4( 60) , Y3( 60) , y6( 60) 
OIHENSION  Y7(6oKy8(6O)’y9(6O))y10(6oJ  '  "  ‘  ‘ 

A-99.  . . 

PI-22, /7. 

SI-.277 
P-PI*“2 
Q-Sl*-2 
DO  1  1-1. 60 

1  READ  17,  YQ(I) 

02  2  J-t,60 

2  READ  17,  Y1(J) 

PRINT  5 

B1-1./(16.*(J+P) 

E2-I,/{16.>.Q+9.*P) 

B-CI-82 

POME-1  .+A*(  1 . 9+A*(  1 . 1 2‘:+A^0 .3125)) 

PTWO-A*( 1.5+A*(1.5+15.*A/32.)) 

S0-l.+(.277*.277) 

A6-1 , 5*P-  SQiB  ■P2t!E+2.*PTW0/3 . 

A2-1.5*p-<sq-.B*PTW0+2.*(2.+A*(3.+A*{21./B.+13.*A/16,)))/3. 
A4-.5625>'P'W50.5*(A  '*2) *B+2.*A»(  1 .5+A*(  1 .5+.5YA)  )/3. 

A6-( 3 . /64 . ) *P*SQ"( A**3) *B+. 25*50 . 5*A*A 
A3-A**3/48. 

A10-0.0 

IF(AO)  37,38,38 

37  AO— AO 

38  POWER-LOGF(AO) 

PRINT  13, POWER 
J-0 

200  1-0 
AX-0.0 
J-J+1 
100  l-l+l 

AX-AX+, 25 

Y2(l)-(2./AX)*Yl(l)-Y0(l) 

Y3(I)-(4./AX) -YaCD-Yni) 

Y4(lj-(6./AX)>Y3|lj-Y2(l) 

Y5(I)-(8./AX)>Y4(|)-Y3(i5 

Y6(I)-(10./AX)-Y5(I)-Y4{I) 

Y7(lj-(12./AX)*Y6(I)-Y5|n 
Y8il  -(14./AX)*Y7(|)-Y6(|) 

Y9( I )-( I6./AX)*Y8( I )-Y7( I ) 

YI0(l)-fI3./AX)*Y9(l)-Y8(l) 

G-AO-  Y0(  I  )+A2*Y2(  I  )+A4-Y4(  I  )+A6*Y6(  I  )+AR  -Y8(  I  )+A10*Y  10(  I ) 
IF(G)  57,53,58 
57  G— G 
53  GG-LOGF(G) 

R-8.6858*(GG-P0WER) 

PRINT  15, R 

IF(l-60)  100,206,206 

206  IF(j-2)  207,208,208 
203  PAUSE 

207  PRINT  6 

SS-(,277*.277)*{2./(4.*Q+P)-.125/{P+0)) 

C-35,/128. 

TTT-(  1 .+A*( 2.+A*( 2.25+A*( 1 .25+C*A) ) ) )*( .375-SS) 
A0-TTT+.I875*A*( 2,+A*( 3.+A*( 1 .875+7 .*A/I6.) ) ) 

PRINT  16, AO 
IF(AO)  67.68,68 

67  AO— AO 

68  POWER-LOGFfAO)  _ 

PRINT  13,P0VIER 

C-5.25 

0-3.25 

E-49./64, 

T-0 . 1375*(  2.+A*(4.+A*(C+A*(  D+A*E)  ) ) ) 

A2-  A*( 2.+A*(3.+A*( 1 .875+0 .4375*A) ) ) *(0.375-ss)+T 
C-7 ./32, 

R-( A**2) *( 0 . 75+A*( 0 .75+A*C) ) 
T-0.1875*A*(2.tA*(3.+A*(2.+0.5*a))) 

A4-R*(0.375-SSj+T 

R-  0.125*(a**3)*(1.+0.5*A) 

T-(A*A)*0.I875*{0.75+A*(0.75+29.*A/128.)) 

A641*(0.375-SS)+T 

A8-( A**4/ 1 28 . ) *( 0. 375-SS) +( 3 . / 1 28 . ) *a**3*( I .+0 . 5*A) 

A10-3.*A**4/2048. 

GO  TO  200 
END 


I  )+A6*Y6(  I  )+AR  -Y8(  I  )+A10*Y  I0(  I ) 


207,208,208 
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